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[57] ABSTRACT

A method for providing a large number of interconnec-
tions between a circuitizable wafer and a circuitizable
substrate provides very fine line interconnections with
built-in strain relief. A channel between the respective
substrates is filled with a solvent soluble material which
is applied in a manner such that a convex or concave
shape is attained in the channel between the material.
A sensitizer may be mixed with the solvent soluble
material prior to its placement in the channel between
the substrates, and then a photoresist is applied to the
composite, exposed and developed, yielding the de-
sired circuit configuration. Next, copper leads are addi-
tively electrolessly plated to the desired thickness in the
exposed circuit areas. After the leads have been
formed, the solvent soluble material i1s removed leaving
curved, strain relief leads suspended 1n air with the two
ends interconnecting the substrates.

6 Claims, 9 Drawing Figures
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METHOD OF MAKING INGROWN LEAD FRAME
. WITH STRAIN RELIEF

BACKGROUND OF THE INVENTION

1. Field of the Invention ~
This invention relates to a method for provldlng hrgh
“density, strain relief interconnections between two
circuitized substrates. ' '
~2: Prior Art | | |
- With the advent of large scale integration and other
related technologies, it has become increasingly impor-
tant to be able to provide high density, fine line inter-
connection capabilities for interconnects between two
or more substrates, This requirement is even more
difficult, if the two substrates are relatlvely large and
have different coefficients of expansion, which would
necessitate that some strain relref capability be built
into the configuration. |

An early technique for rmnnrnzmg the mechanical
stresses obtained during chip joining is shown in the
article entitled “Semiconductor Chip Joining” in the
IBM Technical Disclosure Bulletin, Volume 10, No. 5,
October 1967 at pages 657 and 658. This article de-
scribes the use of soluble standoffs in connection with
preferred interconnection leads mounted on a decal
type support and usmg either a solder reflow techmque
or a pressure joining to intérconnect the electrodes.
Following the interconnection, the support decal is
removed and the solvent soluble material is dissolved
leaving a flexible, bent interconnection which transmits
less stress to the interconnected joints. This technlque
is satisfactory for low density, relatively wide intercon-
nections that can be easily aligned, but does not readily
yield itself to a high density, fine line interconnection
technique. Furthermore, it requires that the intercon-
necting members be preformed pnor to belng applied
between the two substrates.

U.S. Pat. No. 3,428,866 teaches the use of removable
powdered materral as a bridging material over which
interconnections can be formed. This technique does
permit, for example, the growing by electroless deposi-
tion of interconnections between adjacent substrates,
but does not yield strain relieved interconnections.
Furthermore, the use of the powdered material as a
bridging material, limits the minimum size that can be
obtained because of the inherent graininess of the
bridging material.

Still other difficulties are encountered in providing
such interconnections, such as for example by beam
lead technology, in situations where the interconnect-
ing technologies inherently develop relatively high
heat. Certain technology processes, such as bubble
memory and Josephson packages, preclude the use of
temperatures approaching or exceeding 150° C. Indi-
vidual bonding of preformed wires to make the inter-
connections in such applications is very costly. and
difficult to accomplish with a high degree of rehability.

OBJECTS AND SUMMARY OF THE INVENTION

It is, therefore, a principal object of this invention to
provide a method for producing high density, fine line
interconnections with strain relief which overcome the
foregoing disadvantages of the prior art. |

It is another object of this invention to provide a
method for producing high density, fine line intercon-
nections, which can be carried on in a relatively low
temperature environment.
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It is still another object of this invention to provide a
method for producmg high densrty, fine line intercon-
nections with strain relief, which is both economical
and can be implemented with a minimum effort using
existing technologies. -

According to one aspect of the mventron a solvent
soluble material is placed in a channel between two
substrates to be interconnected, the solvent soluble
material inherently provides a surface which is curved,
yet which will permit the development of a conductor
pattern over it to provide the interconnections between

the two substrates. After the leads have been defined,
the solvent soluble material is removed usrng a suitable

solvent, leaving the leads suspended in air between the
two substrates, and the curvature of the leads provide
the desired strain relief in the event that the two sub-
strates have differing coefficients of expansion or are
subjected to other nonuniform stresses. |

The foregoing and other objects, features and advan-
tages of the invention will become more apparent from
the following description of the preferred embodiments
of the invention, as illustrated in the accompanyrng
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are perspectwe views of apphcatlons of
circuit technology requiring high densrty, fine line in-
terconnections. :

FIG. 3 is a sectional view taken along lines 3—3 of
FIG. 1 to illustrate a desired interconnection.

FIGS. 4A, 4B, 5A, 5B, 6A and 6B are sectional views
illustrating the steps of the method for providing the
desired interconnections between two substrates ac-
cording to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, there is shown a particular appli-
cation in which the present invention find utility. A
large rectangular outer substrate 11 has a recess 13 in
the central portion thereof in which is-placed a second
substrate 15, both substrates 11 and 15 being suitably
circuitized or circuitizable and the object then is to
provide interconnections between the pads 17 on sub-
strate 11 and the respective pads 19 on substrate 185.
According to the present invention, when the substrate
15 is placed in the recess 13 of substrate 11, a channel
21 exists between the substrate 11 and substrate 15 as
best shown in FIG. 3. It is then desired to form inter-
connecting leads 23 and 25 between the pad locations
on the respective substrates 11, 185.

- An alternate configuration utilizing the same princi-
ples according to the present invention is shown in FIG.

2. In this configuration, the substrates 29 and 31 are

circular rather than rectangular. A channel 33 between
the two substrates is formed when the substrate 31 is
placed in a recess existing in substrate 29, The desired
interconnections then must be made between the pad
areas 35 on substrate 29 and pad areas 37 on substrate
31. It will be understood that the cross-section shown in
FIG. 3 is just as applicable to the circular configura-
tions of FIG. 2 as 1t 1s to the. rectangular configurations
of FIG. 1.

Referring next to FIGS 4A and 4B, the substrate 15
is first affixed to the substrate 11 by a suitable bond 39

~which may be a single point connection as indicated in

the figures or could be multiple point connections.
Next, a solvent soluble material 41 is placed in the gap
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21 between the substrates 11 and 15. As shown in FIG.
4A, the solvent soluble material in the gap 21 is formed
with a convex outer surface 43, whereas in FIG. 4B, the

material 41 forms a concave outer surface 45 in the gap

between the upper surfaces of the substrates 11 and 15.

The placing of the solvent soluble material in the chan-
nel 41 is uniformly controlled to provide a reasonably
smooth upper surface with the convex or concave “C”
bent shape shown in FIGS. 4A and 4B, respectively.

Next, the compos1te of the substrates w1th the solvent
soluble ‘matérial is metallized using any of the com-
monly known metallization processes. For example, the
total composite could be sensitized and activated with
SnCl,/PdCl, and electroless or electroless/electrolytic
- plated copper is then placed over the compos:te The
interconnecting leads are then defined usmg photoli-
thography and etching. Another approach is to use a
palladium sensitizer mixed with the solvent soluble

material prior to application of the solvent soluble

material in the channel between the substrates. Then a
suitable photoresist of approximately % mil thickness is
applied, exposed and developed to define the appropri-
ate interconnections between the pads 19 on substrate
15 and the pads 17 on substrate 11. Following the
developing of the photoresist, copper leads are addi-
tively plated to the desired thickness in the patterned
areas thereby defined.

Then as shown in FIGS. 5A and 5B, the appropriate
Interconnecting leads are made between the pad areas
17 and 19, respectively. In FIG. 5A, the interconnect-
ing leads 51 are convex, whereas in FIG. 5B, the inter-
- connecting leads 53 are concave. Once these leads are
suitably defined, the solvent soluble material 41 is re-
moved using an appropriate solvent, such as methylene
chloride or trichloroethylene, resulting in the C bent
leads suspended in air between the two substrates as
shown 1n FIGS. 6A and 6B. The C bent leads provide
the appropriate strain relief to compensate for uneven
expansions of the substrates 11 and 15 as the composite
Is exposed to varying environmental conditions. In
addition, the C bent leads provide an inherently stron-
ger interconnection between the pads 17 and 19 on the
substrates 11 and 15, respectively.

Using the method of the present 1nvent10n it is POSSt-
ble to provide interconnecting leads 51, 83 as small as
1 to 2 mils in width with a thickness on the order of 0.5
to 1 mil. Generally, it is desirable to keep the line thick-
ness to width ratio less than .unity to maintain the

strength of the interconnections.
In forming the solvent soluble bridge 43 or 45 of

FIGS. 4A and 4B, respectively, it is important to prop-
erly select the solvent soluble material. Some materials
may swell during their removal in a manner which
would cause the breaking of the delicate interconnec-
tion leads, whereas other materials do not readily ac-
cept an electroless plate. Still other materials may not
form the desired smooth surface to define the sharp
definition required for the interconnecting leads. A
suitable solvent soluble bridging material must be easily
applied, yield a smooth surface and be easily condi-
tioned to be electrolessly plated with material such as
copper or nickel. Furthermore, it should be easily re-
moved, such as with trichloroethylene, and not swell
during removal. There are various paraffins which are
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acceptable solvent soluble materials. In particular, a

black wax manufactured by the James Biddle Company
under the trade name “AZIEZON” is found to be quite

4

useful. It is also found that certain platlng resmts can be
used as ‘the solvent soluble material.

It will be obvious to those skilled in the art that many
modifications and variations can be made in the prac-
tice of the method of the present invention. For exam-
ple, the solvent soluble material used as the base be-
tween the two substrates may be applied by a hot melt
gun, or could be a preformed configuration placed
between the substrates to be interconnected. Also,
rather than separately plating the interconnecting
leads, they can be plated at the same time that the
circuits on the two substrates are plated, thus being a
truly batch process. Furthermore, as discussed previ-
ously, many techniques of photolithography and etch-
ing, or photolithography and additive plating can be
used to define the leads over the bridged solvent solu-
ble material. In addition, once the mterconnectmg |
leads have been formed and the solvent soluble mate-
rial is removed, it may be desirable to suitably anneal
the leads to reheve any initial stresses therein. |

It is, therefore, intended that the invention not be
limited to the specnﬁcs of the foregoing descriptions of
the preferred embodiments, but rather as to embrace
the full scope of the followmg clanns
We claim: |
1. A method for prowdmg mtereonnectlons between
respective sites on two ad_]acent substrates comprlsmg_
the steps of: -

placing a curved, non-swelllng solvent soluble mate-

rial between the respective interconnection sites on

 said adjacent substrates, said solvent soluble mate-

~ rial having a smooth surface and being adapted to
accept a plate of conductor material;

defining a desired interconnection pattern on sald

solvent soluble materlal and the sites on said sub-
strates; -
depos:tmg a conductor matenal in the deﬁned mter—
connection pattern to thereby establish the desired
curved interconnecting leads between respective
- sites on said two adjacent substrates; and
dissolving and removing the solvent soluble materlal
thereby leaving the curved interconnecting leads
suspended between said two substrates, the curve
- in each lead providing stress relief thereto.

2. The method according to.claim .1 wherein the
curved surface of said solvent soluble material is con-
cave. .

3. The method according to claim 1 wherem the
curved surface of said solvent soluble matenal is con-
vex. L |

4. The method according to claim 1 wherem all steps
are carried out in a temperature of less than 150° Centi-
grade. | L |
S. The method accordmg to claim 1 ‘wherein sald
solvent soluble matenial is dissolved by immersion in a
solvent chosen from the group consisting of methylene
chloride and trichloroethylene. -

6. A method for providing mtereonnectlons between
respective sites on two adjacent substrates, eompnsmg
the steps of: = . . | | .

placing a non-swelhng solvent soluble materlal be-

tween the respective interconnection sites on said
adjacent substrates, said solvent soluble -material
being shaped to prov:de a curved surface therebe-
tween | | H o
applying a photoresist over the solvent soluble mate- |
rial and said interconnection sites;
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exposing said photoresist to define the desired inter- necting leads between respective sites on said sub-
connecting paths between the sites on said sub- -~ strates:
Strates, . | | removing said undeveloped photoresist; and
developing said photoresist to define the desired : g pee P R
interconnecting paths; - - g dissolving away the solvent solublg material from
electrolessly plating copper in said areas defined by between said substrate.
said photoresist to thereby provide the intercon- k ok ok kX
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